Abstract -A two-dimensional (2D) analytical method is presented for predicting the armature-reaction fieid in the sbtted opening airgaplmagnet region of a permanent magnet (PM) dsetype generator. The current in the sbt is equivalent to the uniform distributed current sheet along an arc of the sbt opening. The effects of stator slot openings are being accounted for by the introduction of a 2D relative permeance function which is calculated directly from the nonlinear equation described by conformal transformation. A more refined permeance distribution can then be obtained subsequently.
I. INTRODUCTION
Rigorous field analysis for PM axial-field machines usually necessitates 3D finite element methods. However, it is reasonable to use simpler methods for parametric machine designs in order to save time and cost [l,2] . The magnetic circuit approach is the simplest one but would lead to a significant error and require very comprehensive tests on a large number of prototypes. In order to obtain the more accurate results both 2D analytical method and finite element method can be used[3,4]. However they were only applied for calculating the main field in slotless construction. A knowledge of the armature reaction field calculation is presented to predict the axial exciting forces, the demagnetization withstanding capability, as well as the selfand mutual-winding inductances of disc-type PM maches.
Generally the analytical method is more effective for numerical optimal design purpose. When the slotted stator is used the field computation by the analytical method will be very complex. A 2D relative permeance function accounting for the effects of the stator slot openings has been used in the field computation of cylindrical PM machines [5] . However only the constant term and the fundamental harmonic were introduced because of the complexity of the permeance function. In this paper a simple, yet accurate, 2D analytical method in predicting the armature-reaction field in the slotted opening airgaphagnet region of a PM disc-type machine is presented. The current in the slot is modeled by a uniform distributed current sheet along an arc of the slot opening. It is proposed in this paper that the effect of the stator slot openings can be taken care of by a 2D relative permeance function which is calculated directly from the nonlinear equation described by conformal transformation. The more refined permeance distribution is then obtained subsequently.
MAGNETIC FIELD PRODUCED BY ONE WINDING
The disc-type machine being investigated has 8 poles with 3-phase armature windings which are accommodated in 6 stator slots [6] . A cylindrical cutting plane is introduced at the mean radius of the stator so as to reduce the 3D problem to a 2D h d a q value problem. From such simplified geometry the general expressions for the magnetic field in the airgaphagnet region due to the stator windings are derived.
A. Current Density Distribution of One Coil
It is assumed that the distributed current sheet of a coil inside the stator slots is uniform along an arc of the slot opening b , , , For a general case the current density distribution of the 4th coil of one phase winding is shown in Fig. 1 where a = 8 , corresponds to the axis of the 4th coil; C Y~= T~/ R is the span of the coil in radians; T~ is the winding pitch; R is the mean radius of the stator; q=b,,/R; N j is the ampere-turns of the coil. Therefore 
B. Current Density distribution of One Winding
For the disc-type PM machine being studied there are two coils in each winding. The coils are displaced from each other by an angle T in each of the stators. If the centre of the first coil is chosen as the origin (8, = 0), the current density distribution of one winding is obtained as follows : 
= (4)
According to this expression the magnetic field produced by the winding can be computed.
C. Magnetic Field Produced by One Winding
The The complete solutions of the scalar magnetic potentials for the airgaplmagnet regions can be derived after substituting the boundary conditions into the general solution where y, = g+h,.J2, g is the length of the airgap and 4 is the thickness of the magnet. The axial component of the flux density is therefore given as :
MAGNETIC FIELD OF 3-PHASE WINDING (9)
Before the magnetic field produced by 3-phase windings is calculated the armature current should be obtained. The currents are calculated from the voltage equations as derived in this paper. The generator being studied is assumed to have a symmetrical tarc connected 3-phase winding and operates at steady-state with a 3-phase symmetrical passive load at a power factor of 0.95 lagging. Typical waveforms of the no load induced voltage, the terminal voltage and the current of one phase winding are shown in Fig.2 IV. STATOR SLOTTING EFFECT Stator slotting affects both the magnitude and distribution of the armature reaction field. For the sake of simplicity, the effects of the slotted stator are accoutzted for by introducing a so called 2D relative permeance function which are calculated by the conformal transformation method. In a simplified calculation, an effective slot opening is introduced and the variations of the airgap flux density within the effective slot opening are usually described by a constant term together with the fundamental harmonic. In this paper the nonlinear equation obtained from the conformal transformation is solved by numerical methods. The more refined permeance distribution is then derived from the conformal transformation method by calculating the waveform directly from the field distribution as described in this paper.
The permeance A(x,y) is then obtained from the flux density distribution, in which one assumes a unit difference in the magnetic potential between the stator and the horizontal centre plane of the magnet. The variations of the relative permeauce waveforms with the vertical position are shown in The predictions of the axial components of the field in the airgap @=4.lmm) produced by one armature winding carrying unit current with slotless and slotted stators are shown in Fig.4 . The armature reaction field produced by 3-phase stator windings is shown in Fig.5 at t = 0.0 s. The prediction of the flux density magnitude in airgap produced by the permanent magnet of the disc-type PM machine in this paper is about 0.8 T. It can be seen that the armature reaction field is much smaller than the open-circuit field (only about 2%) in this kind of machines. Therefore it is reasonable to neglect the armature reaction field when the voltage equations are solved. In summary, the authors are pleased to report that the simple analytical solutions as presented are ideally suitable for rapid parametric calculations and design optimisation. 
